Gardiner, & Bowler, 2014), suggesting they are less able to recollect any type of detail associated with the original context in which an item was learnt.
As mentioned, the relational binding account proposes that the aforementioned recollection deficits in ASC can be explained by a hippocampal binding impairment. In studies looking at semantic clustering of words during recall, which has been shown to be related to hippocampal activity (Manning, Sperling, Sharan, Rosenberg, & Kahana, 2012) , individuals with ASC are less likely to cluster words in memory according to semantic relationships, leading to reduced recall of related words but often no difference for unrelated words compared to control participants (Bowler, Gaigg, & Gardiner, 2008; Gaigg et al., 2008; Maister et al., 2013) . Unlike control participants, individuals with ASC do not selectively recall context-relevant aspects of scenes (Loth, Carlos Gómez, & Happé, 2011) , suggesting they are less likely to bind the details encoded to their context. Also consistent with the relational binding theory are findings that individuals with ASC have difficulty with episodic future thinking (Lind & Bowler, 2010; Lind et al., 2014) , fictitious scene construction (Lind et al., 2014) , and have reduced memory for object-location associations within a spatial navigation context (Lind, Williams, Raber, Peel, & Bowler, 2013) , all of which require hippocampally-mediated relational binding of elements to form a coherent event (Mullally & Maguire, 2013) . A study that aimed to directly test the relational binding hypothesis assessed memory for item-context conjunctions, and for the item or context elements alone (Bowler et al., 2014) and observed that the ASC group showed typical levels of recognition of single item or context elements but reduced recognition of item-context conjunctions. This evidence suggests that impaired relational binding could provide a good account of memory deficits in ASC.
Whereas relational binding of some form may be necessary for recollection, due to the need to associate a familiar item with a prior event, it is currently unresolved whether impaired relational binding between an item and its event context fully encompasses the nature of recollection deficits seen in ASC. As discussed above, item memory is largely intact in ASC, and studies of memory (e.g. Gaigg et al., 2008) as well as of perception (e.g. Happé & Frith, 2006) suggest that individuals with ASC are more likely to perceive and encode item-specific details than contextual details. However, tasks that assess relational memory often require memory for more complex, specific information than tests of item memory, which can be accomplished by a general feeling of familiarity in a standard old-new recognition task. Conversely, when old and new items in a recognition task are visually similar, memory for the item details needs to be much more specific and complex. In this situation, recollection of item-specific details from the original presentation is often necessary to successfully identify an object as new and performance benefits from a 'recall-to-reject' strategy (Kim & Yassa, 2013; Migo, Montaldi, Norman, Quamme, & Mayes, 2009) . Based on the current evidence in ASC, it is unclear whether item memory deficits might appear when item-specific details need to be recollected and whether recollection deficits extend beyond situations that are heavily reliant on item-context relational encoding.
Other factors might contribute to recollection deficits in ASC, specifically leading to reduced explicit and subjective recollection extending beyond the influence of hippocampal relational binding. For instance, deficits in elaborative encoding and retrieval monitoring, largely governed by the prefrontal cortex (PFC) (Henson, Rugg, Shallice, Josephs, & Rugg, 1999; Ranganath, Johnson, & D-Esposito, 2003) might impair the retrieval of episodic details and the experience of recollection. Memory deficits in ASC have been previously related to potential PFC dysfunction (Minshew & Goldstein, 2001; Minshew & Williams, 2007) , an approach that fits nicely with findings of impaired metacognition and monitoring of memory accuracy in ASC (Grainger, Williams, & Lind, 2014; Wojcik, Moulin, & Souchay, 2013) .
Furthermore, memory deficits in ASC have also been related to those following parietal dysfunction (Boucher & Mayes, 2012) , given the posterior parietal cortex (PPC) is known to play a role in the subjective experience of recollection and influences the confidence and vividness with which episodic representations are retrieved (Simons, Peers, Mazuz, Berryhill, & Olsen, 2010) . PPC dysfunction in ASC would potentially explain reduced specificity of episodic memories, reduced 'remember' responses, and a reduced likelihood to retrieve memories from a first-person perspective (Bowler et al., 2007; Lind & Bowler, 2010) .
Despite the fact that these regions, connections, and their associated cognitive processes play an important role in the recollection network (Rugg & Vilberg, 2013) , it is currently unclear whether long-term memory differences in ASC could extend beyond a relational binding impairment and more widely affect the ability to subjectively recollect specific details.
To test whether impaired relational binding might be able to fully explain recollection deficits in ASC, and to test item memory under more complex demands, a task developed by Hannula et al. (2010) was adapted. Participants were presented with a series of visual scenes and then, in a later recognition test, judged whether the scene was the same as before, was entirely new, or whether an item in the scene had change in appearance (item memory), or had moved (relational memory). Patients with hippocampal lesions have been reported to exhibit mildly reduced item memory in a version of this task (Hannula et al., 2015) , likely because item memory can benefit from an association to the scene context and necessitates associating the new item cue to the original item. Importantly, however, hippocampal patients showed disproportionately larger impairments on the relational memory condition (Hannula et al., 2015) , which appeared to place greater demands on relational binding than the item memory condition. Thus, this task is useful for assessing a disproportionate context-based relational memory impairment in ASC. In addition, it is important to assess the subjective contribution of recollection to recognition of the scenes, including item and relational changes, to evaluate if a deficit in subjective recollection might affect performance for all types of scene regardless of the varying relational binding demands. This was incorporated into the task by the use of a modified remember-know judgement, by asking participants whether they could consciously remember the specific appearance of the original scene or changed object. Recollection of scenes containing an item change necessitated retrieval of specific item details from the item cue, and recollection of scenes containing a relational change necessitated retrieval of the original context, specifically location, of the item. Correct identification of changed scenes should largely benefit from recollection of the original scene appearance, including item specific and spatial details, whereas the use of recollection to identify scenes as the same should be less frequent (Aly & Yonelinas, 2012) .
Despite the fact that the relational binding and recollection accounts largely overlap, it is possible to derive subtly different predictions within this task based on the literature discussed. A selective relational binding account of memory deficits in ASC would predict a disproportionate impairment on the relational relative to item condition, replicating the pattern, although not necessarily the severity, of performance seen in hippocampal patients.
On the other hand, if recollective experience is impaired, over and above relational binding, we would expect equally impaired detection of item and relational changes in the ASC group coupled with a reduction in the use of recollection to support recognition performance across all conditions. As far as we are aware, the current study is the first to assess memory for scenes, including item and relational details, alongside subjective reports of recollection in ASC.
Method
Participants 24 participants with a diagnosis of ASC (11 males) and 24 control participants (11 males) took part in this study. All participants were aged between 18 and 45, and had normal or corrected-to-normal vision and hearing. No participant in the control group had a known current or historical diagnosis of any psychiatric, neurological or developmental condition. Reasoning. The groups were well matched on age, years of education, verbal IQ (VIQ), nonverbal IQ (PIQ) and full-scale IQ (FSIQ), all p > .4. The ASC group scored significantly more highly than the control group on the AQ, t(46) = 11.1, p < .001, (see Table 1 ).
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Participants with ASC were recruited via participant databases at the Cambridge Ethical approval for this study was obtained from the Cambridge Psychology Research Ethics Committee. Participants gave written informed consent prior to taking part and were paid a standard honorarium for their time.
Materials
The stimuli used for this experiment were a series of 96 computer-generated indoor and outdoor scenes originally created by Hannula and colleagues (Hannula et al., 2010; Hannula et al., 2015) for their research on item and relational memory. The scenes were 800
x 600 pixels and 3 versions of each scene were used: an original version, a version containing an item change, and a version containing a spatial relational change, leading to 288 scenes in total. Scenes containing item changes were identical to their original versions apart from one item which was replaced by a different but similar exemplar of that item (e.g., the laundry pile changing to an overflowing washing basket, see Figure 1 ). Scenes containing spatial changes were identical to their originals apart from one item which had been moved to a new, equally plausible location within the scene (e.g., the present moving from the chair to the sofa, see Figure 1 ). For this latter condition, an equal number of spatial changes were from left to right as from right to left.
Procedure
Participants completed a computer-based long-term memory change detection task.
The task was run using MATLAB (Mathworks Inc.) Cogent 2000 toolbox (http://www.vislab.ucl.ac.uk/cogent_2000.php). Participants completed two experiment phases, a study phase and a test phase, repeated over 4 study-test blocks. Each study phase contained 15 scenes and each test phase contained 20 scenes, including 5 new scenes (NEW) and all 15 studied scenes. Out of the studied scenes one-third remained identical to how they were presented in the study phase (SAME), one-third contained an item change (ITEM), and one-third contained a spatial change (SPATIAL). Collapsed across blocks, 60 scenes were encoded and 80 scenes (20 Same, 20 Item, 20 Spatial, and 20 New) were presented during test. To ensure full counterbalancing, 4 test formats were used across participants so that each scene was tested within each condition equally often. The order of the stimuli within each of the 4 blocks was randomised per participant for each study phase and was pseudorandomised in each test phase so that no more than 3 trials in a row were the same type of test scene. The order of the blocks was also randomised for each participant.
During the study phase, each scene was presented for 10 seconds. Participants were instructed to study the scenes with the aim to remember the specific appearance and location of the objects within the scene. Study trials were separated by a blank screen, presented for 500ms (see Figure 1A ). Immediately after the study phase and before the test phase, participants were asked to count backwards out loud from a random number displayed on the screen, ranging between 70 and 99, for 30 seconds, which acted as a short distracter task to discourage rehearsal. For each test trial participants were presented with a scene for 6 seconds and were instructed to use this time first to decide whether they recognised the scene and, if so, whether they thought any object within the scene had changed from the study phase. Four response options then appeared below the scene for a further 4 seconds. These options were "SAME", "ITEM", "SPATIAL", and "NEW", and participants used the number keys 1-4 on the keyboard to respond. The scene was left on the screen throughout the response time to minimise working memory demands and to maximise retrieval support.
If the participant responded "NEW', the program moved straight on to the next trial.
"SAME", "ITEM", or "SPATIAL" responses all required participants to make a subjective judgement about whether they could remember the original appearance of the scene or changed object (see Figure 1B ), by responding "YES" or "NO" to one of the following questions. If the participant responded "SAME", they were asked if they could consciously remember the original scene appearance, including memory for various thoughts or feelings they had about details of the scene appearance or the manner in which they had tried to remember the scene details. If the participant responded "ITEM", they were asked if they could remember what the original item looked like, in terms of specific details of the item that were now different. If the participant responded "SPATIAL", they were asked if they could remember where the item was originally located. Written instructions were given to the participant (see Appendix 1) and the experimenter additionally explained the instructions, providing examples of the types of details that consituted 'remembering'. The instructions were adapted from standard remember-know judgements (e.g. Tulving, 1985) , but focused on recollection of the scene appearance, item appearance, or item location. Each trial in the test phase was separated by a blank screen, presented for 500ms.
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Participants' understanding of the task instructions was ensured by training on a practice task containing 12 scenes in a study phase and 16 scenes in a test phase, during which they were asked to verbally explain all of their responses to the experimenter both in terms of the condition category they selected and the yes-no responses to the 'remember' questions they made. If the participant made any errors in response justification during the practice task or did not understand part of the instructions, the appropriate part of the task was explained again until it was clear the participant fully understood the instructions.
Participants were told that they would be asked to explain how they made their yes-no responses to the 'remember' questions in a questionnaire at the end of the experiment.
Following completion of the memory task, participants completed a debriefing questionnaire, which verified participants' understanding of the task instructions, the AQ, and the WASI.
Data Analysis
Data were analysed using SPSS (version 21), and all analyses were conducted using a standard alpha level of .05. All statistics reported are from two-tailed tests. Effect sizes are reported using eta-squared (η²) values for analyses of variance (ANOVAs) and Cohen's d for t-tests. The 95% confidence interval (CI) of each effect size is also reported. Non-integer degrees of freedom indicate Greenhouse-Geisser correction for non-sphericity. Analyses of Same, Item, and Spatial test scenes were conducted using planned Helmert contrasts, including the Same test scene category as the level 1 contrast, the Item test scene category as the level 2 contrast and the Spatial test scene category as the level 3 contrast.
Results

Memory for Scenes
Global Scene Recognition is High in both the ASC and Control Groups
First, memory for the overall scenes and detection of new scenes was assessed. Oldnew scene discrimination can be achieved by overall scene familiarity and was predicted to be largely intact in ASC. Due to the fact the participants were never asked if they recognised each scene as 'old' but were given the option to identify scenes as New, correct identification of New scenes (i.e., New "hits") and misidentification of studied scenes as 'New' (i.e., New "false alarms" [FAs] ), were combined to produce a corrected measure of performance (hitsFAs). Due to negatively skewed data and ceiling effects within both groups, a non-parametric Mann-Whitney U test was used, revealing a trend towards better old-new scene discrimination in the control group compared to the ASC group, U(46) = 196, Z = 1.96, p = .05. Importantly, mean corrected performance was high within both groups (ASC: 0.90, SD = .11; control: 0.96, SD = .06), demonstrating that both groups were able to correctly recognise the overall scenes with very little difficulty.
Memory for Scene Detail
In the sections that remain, analyses are limited to Same, Item, and Spatial scenes that were correctly endorsed as "old" (i.e. not mistakenly endorsed as "new"), removing any influence of overall scene recognition. Hits (the proportion of correct responses), FAs (the proportion of the other two types of scene that were misattributed to the category in question), and corrected accuracy (hits -FAs) were calculated for Same, Item, and Spatial test scenes. Hits, FAs, and corrected accuracy were also calculated separately for responses based on remembering (a "yes" response to the remember question) and knowing (a "no" response to the remember question).
Memory for both Item and Spatial Scene Detail is Impaired among ASC Participants
Our first analyses addressed the question of whether ASC performance is disproportionately reduced on the test of spatial relational memory relative to item memory.
A 2 (group: ASC, control) x 2 (test scene: Item change, Spatial change) ANOVA on corrected accuracy (see Figure. 2) revealed that the ASC group were worse overall at identifying scene changes than the control group, F(1,46) = 6.62, p = .01, η² = .13, CI = .01-.30. There was no effect of condition, (F < .1, η² < .01), indicating that identification of item and spatial changes were matched for difficulty, and no interaction (F < .3, η² < .01), Table 2 for hits and FAs for each type of test scene.
- ---------------------------------------------INSERT TABLE 2 ABOUT HERE  --------------------------------------------------------------------------------------------INSERT FIGURE 2 ABOUT HERE  ---------------------------------------------- To verify that reduced memory for scene detail was not driven by level of autistic traits or general cognitive functioning in the ASC group, we assessed correlations between AQ and FSIQ scores with Item and Spatial corrected accuracy as well as the difference score between Item and Spatial accuracy (Item-Spatial) in the ASC group. None of the correlations were significant (all r < |.24|, all p > .27).
Contributions of Recollection to Accurate Scene Differentiation are Reduced in ASC
Having established that the ASC group were impaired at detection of both Item and Spatial changes, we next investigated the contribution of recollection to performance (remember hits -remember FAs) across all types of test scene. A 2 (group) x 3 (test scene: Same, Item, Spatial) ANOVA on corrected remember responses (see Figure. 3) revealed that recollection differed across the three scene types, F(2,92) = 17.91, p < .001, η² = .28, CI = .13-.41, specifically, recollection-based scene identification was higher for both types of changes than for Same scenes, F(2,92) = 29.31, p < .001, η² = .38, CI = .17-.55, and there were more recollection-based identifications of Spatial changes than Item changes, F(2,92) = 6.75, p = .01, η² = .13, CI = .01-.31. Importantly, the control group made more successful recollection judgements than the ASC group, F(1,46) = 7.87, p < .01, η² = .15, CI = .01-.33, and this did not differ depending on the type of test scene (F < .4, η² < .01). Therefore, the ASC group showed a general reduction in subjective recollection-based responses to correctly identify the scenes. Reduced recollection in the ASC group was due to reduced remember hits for Same scenes (t (46) 
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To verify that the use of familiarity to identify scenes did not differ between the groups, a 2 (group) x 3 (test scene) ANOVA was conducted on know hits minus know FAs.
Corrected know responses differed between the scenes, F(2,92) = 16.80, p < .001, η² = .26, CI = .12-.39: Same scenes were more likely to be successfully identified with know responses than changed scenes, F(2,92) = 17.83, p < .001, η² = .27, CI = .08-.46, and know responses were more frequent for Item changes than for Spatial changes, F(2,92) = 14.66, p < .001, η² = .24, CI = .06-.42. Importantly, there was no difference between the groups (F < .1, η² < .01) and no interaction between group and test scene (F < 1, η² < .02). For Item and Spatial changes, the groups did not differ on either know hits (all t < .6, all d < .17) or FAs (all t < 1.5, all d < .42), but, when looking at identification of Same scenes, the ASC group made more know hits (t(46) = 2.87, p < .01, d = 0.83, CI = 0.23-1.41) and FAs (t(46) = 3.29, p < .01, d = 0.95, CI = 0.35-1.54) than the control group (see Table 3 for remember and know hits and FAs for each type of test scene). Therefore, reduced recollection-based detection of changes in the ASC group was accompanied by increased incorrect familiarity-based judgements of changed scenes as the Same.
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Discussion
The goal of this experiment was to test whether memory deficits in ASC are associated with a disproportionate relational binding impairment or are associated with a broader deficit in subjective recollection. We found that participants in the ASC group were significantly worse at detecting both Item and Spatial changes, to a similar degree, compared to the control group. As shown in the analysis of corrected remember responses, detection of changes, particularly relational changes, largely benefitted from recollection, and the contribution of recollection to recognition was reduced in the ASC group for all types of test scene. Corrected know responses did not differ between the groups, however, the ASC group were more likely to falsely judge changed scenes as the Same based on familiarity. This suggests that even though relational memory was associated with recollection in this task, the ASC group did not show the disproportionate impairment that would be consistent with a hippocampal relational binding deficit. Instead, ASC participants exhibited a general reduction in subjective recollection across all test scenes.
Results from this study add to the body of evidence that indicates reduced recollection of episodic details and relational information in ASC (e.g. Bowler et al., 2014; Crane et al., 2012; Lind et al., 2014; Meyer et al., 2014) . However, the results go further by revealing that, beyond memory for the relationship between an item and its context, subjective recollection deficits also affected memory for the scene content and item specific details. Reduced recollection of item appearance is inconsistent with the idea of intact or even superior memory for item-information in ASC, which has important implications for understanding the nature of memory representations in ASC. Previously, it has been assumed that the seemingly normal item-specific memory and reduced relational memory in ASC may be influenced by perceptual differences, such as a reduction in perceptual processing of contextual or relational information (Happé & Frith, 2006) , or heightened processing of low level, item-specific perceptual information (Mottron, Dawson, Soulières, Hubert, & Burack, 2006) , and unique properties of objects (Plaisted, O'Riordan, & Baron-Cohen, 1998 ).
However, these perceptual differences do not seem to be able to fully explain the pattern of memory differences observed in ASC.
It is possible that our finding of reduced item and relational memory emerged due to the fact that the difficulty and complexity of the item and relational change conditions were matched. This is in contrast to previous studies that measured item and relational memory in ASC. For instance, specific vs. general autobiographical-episodic details have been used to measure relational and item memory respectively (Maister et al., 2013) , and item memory has also been measured in terms of memory for only one element whereas relational memory has been measured as memory for multiple elements (e.g. Bowler et al., 2014) . In both of these examples, relational memory is necessarily more detailed than item memory. Additionally, differences in test procedure, such as item recognition and relational or source recall (Bowler et al., 2004; Massand & Bowler, 2013) provide greater retrieval support for item memory than relational memory, with the former relying less on recollection than the latter (Yonelinas, 2002) . Results from the current study are consistent with the possibility that the aforementioned reports of impaired recollection of relational, contextual information in ASC could have been driven by factors other than impaired relational binding, affecting the experience of recollection and specificity with which information can be encoded and retrieved.
It is important to acknowledge that that the item and relational conditions used in the current task are by no means process pure. Given that the items are embedded within scenes, it is likely that memory for item details would have benefitted from binding the item with the scene context (for example, by relating a particular feature of an item to another object in the scene (Hannula et al., 2010) ). In fact, the presence of scene context has been shown to benefit detection of both item and spatial changes (Hollingworth, 2007) , and activity in the hippocampus is associated with detection of item and spatial changes in scenes (Duncan, Ketz, Inati, & Davachi, 2012) , perhaps reflecting the quantity of information recollected Therefore, it would be interesting to test whether the presence of scene context affected recollection of scene details in the same way for ASC and control participants to further examine whether impaired relational binding may account for our findings. Additionally, to fully test a relational binding account, it would also be important to assess relational familiarity and implicit memory in ASC, perhaps via a forced-choice test format, even though the idea that relationally bound representations can be retrieved without recollection is debateable (see Mayes, Montaldi, & Migo, 2007 for a discussion of this issue). Evidence of brain structural differences within the hippocampus and its relationship to memory in ASC is mixed (see Goh & Peterson, 2012 for a review), but lends some support to the idea that disruption of hippocampal relational binding might play a role in reduced recollection in ASC.
The present results are unlikely to be fully explained, however, in terms of hippocampal dysfunction. A previous study demonstrated that patients with hippocampal lesions have impaired detection of item and relational spatial changes, but have a disproportionate deficit in detection of spatial changes (Hannula et al., 2015) . This disproportionate deficit was interpreted to reflect a role for the hippocampus in relational binding, because identification of spatial changes is likely to be more dependent on relational binding than detection of item changes (even if item-context binding is important for both).
In contrast to patients with hippocampal damage, our ASC group showed no evidence of a disproportionate deficit in detection of spatial changes. These findings suggest that the recollection deficit in ASC reflects, at least in part, extrahippocampal dysfunction. A recent study by Gaigg, Bowler, Ecker, Calvo-Merino, & Murphy (2015) , which used fMRI to investigate relational binding and subjective recollection in ASC, is consistent with this assertion. Although the authors concluded that impaired relational binding may explain reduced subjective recollection in ASC, their findings showed that a consistent reduction in 'remember' responses in ASC was not moderated by the relational binding demands of the task, as well as no evidence for attenuated hippocampal activity during relational encoding and no evidence that attenuated hippocampal activity led to reduced remember responses.
Instead, activity of the inferior frontal gyrus was not selectively enhanced for remember relative to know responses in the ASC group unlike in the control group, suggesting a possible role for PFC dysfunction in reduced recollection in ASC.
The aforementioned finding is consistent with observations of atypical PFC activity during encoding of later recognised objects in ASC (Greimel et al., 2012) . Furthermore, the hippocampus has been shown to be sensitive to relational memory regardless of whether subjective recollection also occurs, whereas the PFC and hippocampal-PFC connectivity play an important role in explicit recollection (Hannula & Ranganath, 2009) . PFC dysfunction and reduced connectivity to posterior regions has been suggested to explain the pattern of memory deficits observed in ASC (Minshew & Goldstein, 2001; Minshew & Williams, 2007) , affecting encoding strategies implemented as well as the amount and specificity of information that can be maintained during encoding and retrieval. This is consistent with evidence of reduced PFC activity and working memory deficits in ASC, especially when task demands are complex (e.g. Vogan et al., 2014; see Barendse et al., 2013 for a review).
Additionally, individuals with ASC are less able to initiate strategic encoding strategies, which has been shown to lead to reduced recollection-based 'remember' responses compared to controls (Meyer et al., 2014) , and it is possible that subtle impairments in spontaneous expressive language seen in ASC (Boucher, 2012) might contribute to impairments in elaborative encoding. Importantly, PFC dysfunction might explain the marginally reduced scene recognition in the ASC group. Impaired recognition has been occasionally reported in ASC (Bowler et al., 2004; Massand & Bowler, 2013) , and familiarity impairments are also more apparent in low-functioning individuals (Boucher et al., 2008) . Whereas the ability to organize, monitor and maintain specific information may most greatly affect recollection, PFC dysfunction in ASC may also impact on familiarity-based recognition when the stimuli and task demands are complex. A more severe pattern of impairment has been observed in schizophrenia patients tested on a version of the current task (Hannula et al., 2010) , suggesting that PFC dysfunction may affect memory similarly across other disorders.
However, unlike the ASC group, schizophrenia patients showed increased false recognition of scene changes, emphasising that differences across disorders is an interesting area for future studies to consider.
PFC dysfunction could also lead to poor retrieval monitoring, as indicated by impaired metamemory in ASC (Grainger et al., 2014) and impaired retrieval cue specification, as indicated by an increased reliance on retrieval support (Bowler et al., 2004) . This is in line with the proposal that deficits in self-projection, involving abilities such as prospection and theory of mind and driven by medial prefrontal regions (Buckner & Carroll, 2007) , may contribute to reduced recollection in ASC (Lind et al., 2014) . To test whether difficulty with retrieval monitoring and self-projection might contribute to recollection of scene details, future studies could use a cueing procedure in which the item that may have been changed is highlighted during the test (e.g., Luck & Vogel, 1997) , limiting the search process and increasing task support. A difficulty with retrieval is also in accordance with the idea that memory deficits in ASC might relate to dysfunction within parietal regions, specifically the PPC (Boucher & Mayes, 2012) , due to its involvement in the retrieval of specific, vivid details from memory, contributing to the experience of subjective recollection (Simons et al., 2010) , known to be reduced in ASC (e.g. Lind et al., 2014) . While there have been no direct studies assessing functional and structural differences within parietal areas in ASC, the PPC, along with medial temporal regions and the PFC, is known to be part of the default mode network, playing an important role in episodic memory retrieval (Sestieri, Corbetta, Romani, & Shulman, 2011) . Evidence has pointed to both reduced connectivity and atypical activity within the default mode network in ASC, particularly frontal-parietal interactions (e.g. Just, Keller, Malave, Kana, & Varma, 2012) . Therefore, information monitoring, subjective recollection, and their neural bases are important areas to further research in relation to long-term memory deficits in ASC.
In addition to those already discussed, one potential limitation of the current task is that the ASC group were less likely to attend to the to-be-changed object during the study phase, leading to reduced recognition of changes. However, studies using complex scenes or video clips, employing changes akin to those used in the current study, have reported little difference in perceptual change detection between individuals with ASC and controls (AuYeung, Benson, Castelhano, & Rayner, 2011; Fletcher-Watson, Leekam, Turner, & Moxon, 2006; Loth, Carlos Gómez, & Happé, 2008) , or have shown enhanced change detection in ASC (Fletcher-Watson et al., 2012; Smith & Milne, 2009 ), meaning it is unlikely that the ASC participants would not have attended to the changed object at all within our encoding time frame. Importantly, failing to attend to the to-be-changed object at all could not readily explain the reduced use of recollection to identify scenes, especially those that were the Same where recollection did not depend on memory for a single object within the scene.
Nonetheless, the precise pattern of attention across the scenes at encoding may have differed between the ASC and control groups, contributing to a general recollection impairment. Eye movements during encoding of complex stimuli, such as objects and scenes, have been shown to influence subsequent recollection-based memory, where recollection of has been associated with more fixations and more clustered fixations at encoding than subsequent familiarity (Kafkas & Montaldi, 2011; Sharot, Davidson, Carson, & Phelps, 2008) . Given that individuals with ASC have been shown to exhibit different patterns of attention in response to natural stimuli such as scenes, including attending to different parts of the scene (e.g. Loth et al., 2011) , and reduced duration of fixations (e.g. Anderson, Colombo, & Shaddy, 2006) , the influence of attention on recollection is an important area for future research in ASC to consider. Furthermore, due to the use of a subjective remember judgement rather than eliciting narrative responses, we were unable to assess the content of recollected experiences. Variations in attention and encoding strategies might lead to subtle differences in recollected content between individuals with ASC and typical individuals, such as the type of information, quantity, and precision, which is important for future studies to consider. It is also important to use research into the nature of memory impairments, such as the current study, and potential causes of memory impairments to inform the development of teaching strategies, that should provide support for learning and retrieving information in a detailed, elaborative, and flexible way.
Conclusions
This study aimed to assess subjective recollection of visual scene details, including item-context relations and item-specific details, in ASC to test whether recollection deficits are driven by a disproportionate relational binding impairment. Individuals with ASC found item and relational changes equally difficult to detect, which was accompanied by a general reduction in subjective recollection. While relational binding is highly important for recollection, the results from the present study suggest that memory deficits in ASC may also be driven by other factors, affecting the specificity with which memories are encoded and retrieved and the experience of recollection more generally. Future studies should further explore how attention and different encoding and retrieval strategies affect memory in ASC.
This would be facilitated by investigating the neural mechanisms underpinning encoding and retrieval processes in ASC and under what circumstances they can be moderated, which will help us to understand why specific memory deficits occur in this population. You should respond 'YES' if you can consciously remember how the item that you believe has changed looked in the study phase, including memory for specific features, whereas you should respond 'NO' if you believe a particular item has changed in appearance but can't remember how the item originally looked in the study phase.
If you responded 'SPATIAL': You will be asked "Can you remember where the item was originally located?" You should respond 'YES' if you can consciously remember seeing the item in a different location originally, including memory for its specific relative location, whereas you should respond 'NO' if you believe a particular item has moved but can't remember seeing it in a different location originally." Note. R = remember (recollection); K = know (familiarity)
